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ةصلاخلا 
ام داومك طنغمملا محفلاو محفلا يحطس ةءافك ةفرعم مت ةساردلا هذه يف ةغبص ةلازلإ هزE.B.T . مت امك
 ةغبصلا زيكرتو ةيضماحلا ةلادلا، ةرارحلا ةجرد لثم زازتملاا ةيلمع يف لماوعلا ضعبل ريثات ةسارد. مت
 ةيجسفنبلا قوف ةيئرملا ةعشلاا فايطم لامعتساUV-Visble  تللحو ةغبصلا زازتما تامريثوزيا باسحل
 ريامكنلاو شلدنرف يتاداعم لامعتساب جئاتنلا محفلا حطسل تناك زازتما ةعس مظعا نا جئاتنلا نم ظحولو
 لاودلا تبسحو زيكارتلا ةدايزب دادزت ةغبصلا زازتما ةيمك نا اضيا نيبتو محفلا عم هنراقم طنغمملا
ةيكيمانيدومرثلا ΔH, ΔG و ΔSا دجو ثيحيئاقلتو ةرارحلل اصام زازتملاا ن. 
Abstract 
The efficiency of charcoal and magnetic charcoal as an adsorbents for removing 
Eriochrom black T dye (EBT)from synthetic wastewater has been studied 
.Adsorption experiments were carried out as a function of temperature ,pH, dye 
concentration .In this work a U.V-Visible spectrophotometric technique was 
employed to follow up the adsorption isotherms .Isotherms data were analyzed for 
possible agreement with the Langmuir and Freundlich adsorption isotherm 
equations. The results indicate that magnetic charcoal shows a general higher 
adsorption capacity with respect to charcoal .In the concentrations range 
investigated ,the amount of (EBT)adsorption increases with concentration . 
Thermodynamic parameters such as  ΔH, ΔG and ΔS were calculated .The 
adsorption process was found to be endothermic and spontaneous 
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Introduction  
The cleaning of waste and wastewater is one of most serious environmental 
problems of the present day .Discoloration in drinking water may be due to the 
presence of coloured organic substances or highly coloured industrial wastes,the 
colour is a characteristic of wastewater which easily detected .Some dyes are stable 
and do not suffer biodegradation and those are toxic,consequently it is important to 
remove these pollutants from the wastewater before their final disposal .In most 
sitations , the use of a combination method of different methods of treatment are 
necessary in order to remove all the contaminants presnt in the wastewater 
(1)
.Therefore, adsorption became on of the most effective methods
(2)
 ,for the 
treatment of industrial wastewaters containing colours, heavy metals and other 
inorganic and organic impurities 
(3-5)
.The most common adsorbent used for dye 
remove from wastewater are activated carbons
(6-7)
.Recent investigations have 
focused on the use of low-cost materials such as rice hulls
(8)
,coconut husk
(9)
,maize 
cobs
(10)
,wood chips
(11)
,cotton
(12)
,natural cellulose 
(13)
. The aim of this paper is to 
determined the efficiency of charcoal and magnetic charcoal to remove EBT dye 
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(which is one of the most common metal- ion indicator ) from water solutions. 
Magnetic separations can be used for many applications such as biotechnology , 
environmental technologies 
(14)
 and etc... 
 
Material and Methods  
Adsorption experiments have been carried out with charcoal (which was supplied 
from Al-Basrah petrol company )and with magnetic charcoal (which was prepared 
from procedures described elsewhere
(15)
.Eriochrom Black T was obtained from 
Fluka company. Stock solution (200ppm) was prepared in distilled water, the 
experiments concentrations ranging (2-20ppm) were prepared from dilution of 
stock solution. 
 
The dye concentrations in solution were measured by UV-Visible 
spectrophotometry using Shimadzu  model 1700 spectrophotometer .The 
wavelength was selected so as to obtain the maximum absorbance of (EBT) dye at 
λmax= 515nm 
 
The series of adsorption experiments have been carried out by suspending 0.02 gm 
of adsorbent in 20 ml of the standard dye solution, the adsorption isotherms were 
taken in the temperature range (40-70°C) and with different pH values i.e.,(pH = 
3,7,12). The 150ml of solution in flask were kept in a thermostatic bath and stirred 
at a controlled speed for 120min.25 ml was collected from the suspention and 
centrifuged (3000rpm for 30 min) before that filtered and the dye concentration 
was determined . 
 
Results and Discussion  
The dye concentration in the sorbent phase Q(mg.g
-1
 ) was calculated from the 
following expression
(16)
: 
Qe = (Co – Ce) V/ m…………(1) 
 
Where Co and Ce are the initial and equilibrium concentrations (mg.L
-1 
) of the dye 
in solution ,respectively ,V is the volume of solution (L) and m is the mass of 
adsorbent (g). 
 
The dependence of adsorption of (EBT)with agitation time is reported in (Fig.1) 
.The adsorption increases with increasing agitation time and the equilibrium was 
attained after 75 min. for magnetic charcoal and 85 min. for activated charcoal . 
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Fig(1):Effect of contact time on the adsorption capacity 
of EBT by surfaces
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Temperature effect  
The effect of initial dye concentration on adsorption process were investigated in 
the range (2-20ppm) . The equilibrium uptake capacities at 40, 50, 60 and 70° C 
are given in (Fig.2,3) which show the change of the equilibrium adsorption 
capacity of the adsorbents with initial concentration and temperature. It was 
indicated that Qe values increased with both increasing initial dye concentrations 
and increasing temperature. The results show that the  maximum equilibrium 
adsorption capacity values of magnetic charcoal are 19.906,19.926,19.937and 
19.949 mg.g
-1
 ,while of charcoal are 19.9,19.92,19.93and 19.94 mg.g
-1
 for (2-
20ppm) dye concentration at 40,50,60 and 70°C respectively . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig(2):Effect of Temperature on the adsorption 
capacity of EBT by magnetic charcoal
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Fig(3):Effect of temperature on the adsorption capacity of 
EBT by charcoal
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The extent of adsorption may be due to the physical interaction between adsorbent 
and adsorbate.The Gibb’s energy was evaluated by(17): 
 
ΔG = -RT ln Kapp……….(2) 
 
Where R is ideal gas constant , T the absolute temperature and Kapp is the apparent 
equilibrium constant of the adsorption, is defined as: 
 
Kapp = Cad / Ce……….(3) 
Where Cad and Ce are the concentration of (EBT) dye  on the adsorbent and the 
concentration at equilibrium respectively .The value of Kapp should be used to 
obtain the thermodynamic equilibrium constant of the adsorption process 
(18)
:  
 
    Ln Kapp = - ΔG/ RT = ΔS/R – ΔH/RT……………(4) 
  
The plot of lnKapp as a function of 1/T (Fig.4) yields a straight line from which ΔS 
and ΔH can calculated from the intercept and slope respectively . 
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Fig(4):Relationship between ln Kap. Vs 1/T of dyes with Surfaces
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Table 1: Thermodynamic parameters of adsorbents at concentration 20ppm 
and pH=7 
Surface T(K) -ΔG KJ mol
-1
 ΔH KJ mol
-1
 ΔS J mol-1K-1 
Magnetic 
charcoal 
313 13.89  
17.143 
 
51.713 323 14.98 
333 15.89 
343 16.97 
Charcoal 313 13.73  
12.479 
 
49.135 323 14.64 
333 15.52 
343 16.28 
           
The negative values of ΔG indicate the spontaneous nature of the adsorption. The 
change of the free energy decreases with increasing temperature ,this indicates that 
abetter adsorption is obtained at higher temperatures .The positive value of ΔH 
suggests the endothermic nature of adsorption, the positive value of ΔS shows the 
increased  randomness at the solid /solution interface. 
 
Adsorption isotherm   
From experimental equilibrium data for adsorption of (EBT) by magnetic charcoal 
and charcoal at the temperature 40°C and pH=7 was showed in (Fig.5) .  
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Fig(5): Adsorption isotherms  for EBT with Ssurfaces
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The Langmuir and Freundlich models were used to quantify the adsorption from 
aqueous solution onto adsorbents .Freundlich proposed the following equation 
(19)
 : 
  
 
log Qe = log Kf + 1/n log Ce……………(5) 
 
where Kf and n are empirical constant ,Qe is the amount adsorbed dye in mg.g
-1
    
and Ce is the equilibrium concentration , a plot of log Qe Vs. log Ce will yield a 
straight line (Fig. 6). 
 
Fig(6):Freundlich equation of  EBTwith surfaces
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According to Langmuir equation 
(20)
: 
 
Ce/Qe = 1/K + a/K .Ce  ………..(6) 
 
Where a,k are the constant of Langmuir adsorption, Ce and Qe have the same 
meanings as in the Freundlich isotherm .A linear plot of Ce/Qe Vs. Ce shows the 
Journal of Kufa for Chemical Science  No.(2)                                                              2011 
 
7 
applicability of Langmuir isotherm (Fig.7) and table(2) shows the constant values 
of Langmiur and Freundlich isotherms ,the data seem to be best fitted to these 
isotherms. 
 
 
Fig(7):Langmuir equation of  EBT with surfaces
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Table 2: Freundlich and Langmuir isotherms of  EBT using surfaces  at 40°C 
 
Activated charcoal Magnetic charcoal Surface 
-1.029 -1.398 n 
.23.2 2.1068 Log kf 
373 454 K 
7222 11245 a 
 
pH  Effect  
The hydrogen ion concentration (pH) primarily affects the degree of  ionization of 
the dye adsorbate and the surface properties. Change of the adsorption capacity of 
(EBT) on magnetic charcoal with pH is show in (Fig.8). From (Fig.8) it was 
observed that the maximum adsorption occurred at (pH=3) because dominant 
positively surface charge and the surface of magnetic charcoal would be 
surrounded by the hydrogen ions which enhance the EBT interaction with binding 
sites of the surface by attractive forces .As the pH increased, the surface charge of 
magnetic charcoal became negative because hydroxyl ions to be adsorbed on the 
surface and adsorption decreased . 
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Fig(8):Effect of pH on the adsorption capacity of EBT by 
magnetic charcoal
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Charcoal is often used as an adsorbent for the removal of a variety of organic 
compounds, this sorbent is highly inert and thermally stable and it can also be used 
over abroad pH range. Similar trend of the adsorption capacity of EBT onto 
charcoal with pH (Fig.9) but the extent of adsorption is less. 
 
Fig(9):Effect of pH on the adsorption capacity of EBT  by 
charcoal
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The equilibrium that exists of EBT in different pH solutions as follows: 
               
    
                                                      
 
 
 
 
                                                     EBT                       EBT 
-  
+ H
+
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Conclusion  
Magnetic charcoal and charcoal as an adsorbent has a considerable potential for 
remove EBT from aqueous solution due to its higher surfaces area .This could be 
explained by adsorption interaction between the dye and surface .The uptake 
increased with increased in initial EBT  concentration ,and adsorption of EBT on 
surface is of endothermic process. The equilibrium data were fitted by the 
freundlich and langmuir isotherms.  
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